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(54) MANUFACTURING SEMICONDUCTOR LIGHT EMITTING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To stably suppress the 
interface level density at the semiconductor light 
emitting element end face for a long time, and stably 
operate in the event of diffusion in an inactive layer 
during LD driving by a plasma irradiation in vacuum on 
the resonator end face to form the inactive layer. 
SOLUTION: A manufacturing method comprises steps 
of laminating at least a first conductivity type clad 
layer 3, active layer 4 and second conductivity type 
clad layer 5 on a substrate 1, and forming a resonator 
structure with opposite two end faces such that, after 
sequential crystal growth of a compd. semiconductor 
layer on the substrate 1, resonator end faces are 
formed by cleaving, a plasma is irradiated in vacuum 
on the end faces, and an inactive layer is formed in 
vacuum on the irradiated faces. Thus, it is possible to 
realize by a simple method a semiconductor light 
emitting element which suppresses the interface level 
density at the semiconductor light emitting element 
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end face for a long time, and stably operates in the event of diffusion in the inactive layer. 
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*WCJ:D*«**II!1B*J&«U R 

fit S *«*«3t*?o««*iS. 
[IM8H2] WB*l!lfc»ETKT$ 

0. 2 (nm) <T P (nm) 
4, ntttt^tSttfli*©*ftA.6:*«-4JB#r*©SIR« 

) 

viiftfe s d j: z&mt-rzm&m i 8 ©v> r 
n^tE*©*******?©*^*. 

[m&B 8 ] iiufB 1 8 WiTim&A r X-& 5 d t £4$$C 
-f 5 7 E*l©*«{MB3feft?©8££&. 

5 e V«±3 0 0 eVWTT?»SuJ:t««mi* 
[if 1 0 ] 8MB^«ttfl3Ji©J&J««k fOSIt 

jet »«*xttwt(*atf 6 & 5 =«- 

#m 0E«©**W«S#S*P©^#iS« 
[M#9 1 2 ] buIB^-t^ virjitflgfiWaBU It 

1 i e*©*******©***^. 

[If &3 1 3 ] buIBX^ XvjR»# 1 8 K5c^©X7 

z^mM-zsb a z. t zftmtt a» $g 1 2 e«©*# 

{MS^H^©®^*. 
[»*H14] buIBI 8K7C«#Ar-eft*Ckft1* 
1 SB*©*******?©**!**. 
C»*9l 15] JH»-f*Ar^7>CvfiDi*;^-tf 

2 5eVtt±3 0 0 e VfilTTfftSikSWfRk-rSfll 
#K 1 4 B18©4&*ttftftft? ©SM£ 
[flt#S16] l5Ea-^-f A10 x , T 
iO x , SiO x > SiN> S i&UZ n Sfre.fc^&fr 

6 stf n 5 1 axt* 2 att±©ii^*56» 6 * a - £ 
tkt*»3»ai oft^bi 5©^rn*fcE«©** 



[If *g 4 ] 1fflE*?Stt<W SiJStSW^Stti 

t fc^afc-r siM&H 1 «:vm, 3 ©v>rn*»cia«©* 

5 ] mm^mwtm * s i 

-TS d i: Sit 1 b 4 ©V^ftfrKE 

«©i|^Jgft*?©8&g«&. 
HI*H6] mPFrfrftftJi^ ^©JP#T P (nm) 
#TfB5$ (I) T?«*n*«HJ:ft*«tUBja"f*c:J: 

swatt-suss 1 &^ u 5 ©^-rnfrfcEU©** 

<V8n (nm) (I) 

[flt#!l 1 8 ] «rEflSE»3-y * >^«#A 1 O x 

*<stizt*!&mii-rzm&mi 7 ««©*«»»** 

?©SiS^i£o 

[gt&g 1 9 ] Wfflm&m& I nW/XttGa £^ 
trd££#3fci:-rsifj£Jllfcbl 8©v^ftfrfcE*i 

©^iiwwfcfeis^cajto&is. 

[S*«2 0] Btrl3tS«®5bSAl x Gai- x As (OS 
xSD, In x Gai- x As (O^xgl)XB (Al 
x Gai- x ) ylni-yP (O^x, 1) frfc&acii: 
&%fflL£TZffi&mi 9E«©**Wfi#*F©»fi* 

;H«S2 1] tffE«H£JB©*«SftpSi:-r*c:i: 

t*i«Rj:r*»*!!i*v>u2 o©^rn*»fcE«© 

*«*»#*?©«to5fiS. 
[M$fi 2 2 ] &ig§§4&®# ( 1. 1 0 ) SXtt^tlk 

v>b2 i ©^-rn^tEft©***^*?©*^ 

[^B^©P*ffl*:i5iB^] 
[0 0 0 1] 

y©«a*ast:B-r**©"e, *«ra©» 
ai±3te7T'f^t-jfB8ffljBje**, ^ft^taffl©^ 

^1?©^ I^fcU*, ^#^©^i:^l?*^nsffl^©*^ 

h^^--h*^©LED-C% ^©mWiS^JSSCctt)^ 
B£$^^TV^S^)©^ *fc, ffl^V— ■ W^©i6ffl*ql 

[0 0 0 2] 

*©»HK:H:Bgr*LV>»#ft4. 3fe?KS.x-< 
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»1-**ftttftl*ofi^i(J(iffl©7>^J:UT, Er3+ 
«©»±JHftl f -^b&5t7T-fM-«JHS (EDF 
A) ©ffift##£ffi"e*A,fcfr&to*vt^*o f lt> 
EDF A©3 > h £ U"t^T*fcB*-C*S, 

*»**BjB#iW!©4M<M*l/-- !f©SB$SAWc*vt^ 
S. 

[0 0 0 3] EDFAiSfflCflt-r*ifcfflTf**aje3t 
iS©f£®^ftttJSa^C 3«R#4U 8 0 0 nm, 9 
80nnu 1 4 8 0nmfS5. i©5 -felfaScWtt 
*&J&fttf9 8 0 nm-*©ftjS#» *Jf#, y^X^ft# 
*1-S4:«*>fl*bV^c:i:#»&n"CV*4. ;r©£-5& 
9 8 0 nm©IBfi»*fc*"*"S U— !ftt»iSife*fc bt 
iUtH^T- 5 c i: i: JUMr-e & * J: ^ a ffi£"T « ft 
i:*asivcn*. £££;i©5Sei©&:ft> 
8 9 0- 1 1 5 0 nmW3^tttSHO*«, 

u-if^;^«fl!)iiti/toi***ii» *©«« 

❖ ©/fofflffi £ * v> -c * *aj*1?fllKtt©*VM' — tf ©H 

[0004] £tz, mm®mft&X'&n®mzm. m 

tH*Kb, ffl*ftfb#^-C* 5 * «e*©-7 8 0 nm$8fS 

6 3 0-6 8 0 nm^©LDC0W**^fflfH* 
WfcfrtrfiT^*. -in?), I/— tf|ER©fc»C:*4»* 
ftv^Hsta*, Kfi!Kffi©Wic©7 , rD-f-i:U'CI±, #J 

*HjE8©«^*^'*>K 
ftCttU-CiBWfcfca.k'SCU mlJE©i|!raKE«T?©3tt 

©I/— !ftt-«C**j6V— !f*4V>ttNAM (non Ab 
sorbing Mirror) *H6l/— !f k*KftT*»>> ftttlftft 
jfi«i:-r*IBK:tt**K:il»*«-C*4. 
[0 0 0 5] -jEn 4WP3- 1 0 118 3^&«ffl* 

&t>igBftffMU cnc*flMH*ffli:©Sl6% Xtt^ 

ni** t ifii[tjB^**^«R^ ©Mift^-Wb 

*V>^iHft^y*>^— i'a >Sft-5V>{±, ^©— £Bi:b 

W¥3-10118 3#&$fttig-f a&*n;fciSfci:b'ts 

L.W.Tuet al. , (In-vacuum cleaving and coating 
of semiconductor laser facets using silicon 
and a dielectric, J. Appl. Phys. 80 (11) 1 DEC. 19 
96)#ifc3o unCiWi, S i/AlO x *ifift^— 9" 

ffi-e©*+»J7©fHg#««i«i<«:t)> ««w*co 

[0 0 0 6] *WW*U-if©3ttai9ttl!iH-e©« 

iHi*ftTJf4fc»c, «fi»*iat#a£r*«*© 



tt©»fl-#«fflfflfl-fc-RL*^.fc3lC, Si$3-r 
[0 0 0 7] 

HSfla^jWifeb =t-5 fc^SSS] 08*. tt, 9 8 0 nmJr 
«©*«M*U— !f T?tt, 5 0- 1 0 0 mWSS©^W* 
fcfcl^T 2^8IIE©*K«6ffl6:Bil**flM*:U— !f2kV 

*©«ffijErtttt-reK:BMS3n-tv^#, i&wwtm 

#tfc5o 8 0 nmf, 63O-6 8 0 nmf 

©LDC:feVvr*»«ttH«"CfctK B&W*ll*©g£tt 
fflt&(±1$fc G a A s2S«*ffl^fc*©*3K*l/--if±{* 
©aST-feS. 

[0 0 0 8] d©J!H©lhi:o^tt> #*fc*^#aHS 
fc£ 5>$n5 l/-if^©t±5M4Sffi©^{bt^Sf 5 4»© 
#&S„ GaAs/AlGaAs^iftU-ft*<fc 

<»e>nTv>4J;5K:, «ffiaE#ctt£»©affiHMft# 
#4t5#, cn&oflHfti^u— !f*ft«uR"r*fc^ 

-)ilS!fi<JtJS®iE^©iaSfi^-1f rtSB©iae«J; 5 feft < 
ft!), £©««±##S&fc*iij£«©^l'l***v?' 
fttt<U *6CU- !f3fc*RJKL*-r<-r*4:V'»ofc 
iEilHltf^SikRISSflTV^*. £©3U*t£RI#C:* 
««EftaEUfcl«K:lliill$n4«lfflHiWlV'»i3ifl)4COD (c 
atastrophic Optical Damage) i: b"C£QS>*'U 
JWtaWBQRUfcBICCODl/^cfiTCfls-S*?© 
Sft«*<btt* < ©iW«*l/--!f*^ C*V^ft»©BMI 
kftoTV>4. cn6fWB©l¥*©K*tt±E©aUc|» 

[0009] j6*a**-r*LD©»&ft%a.*i:* & 

#*4ftaLK**^*W«IUrtfa«JS#i£#*;&. £© 

J± 1/ — tf ft Hfc 9> 5 ^-©ttlfifc L-C4g®^ 
*^>*;i/fi£:ftftfT-5fc&£s ZO&tfr-SmMxgtf 
IWfc«UI*t»©J:*-3-tL*a. *fc, Znft*VM± 
S i*ftb— tr©*1HjE»©«ttJiCTW«ii:L-C*ia 
WC*^JUi**>fffci^ftStf*55rire, ±KfS 

^ft«afe»fb**4*ast)a'*»36*n"c^«. 

e»©&*n*lRfcbrtt»Ei¥2-4 5 9 9 2^fi« % # 
H¥3-3 1 0 8 3^&*L 1WP6-3 0 2 9 0 6^■ 
&««?fcfc^j , *£^:Jb*TS^o 
[0 0 10] bfrU HttC LDWtlg-Cfr t>n5T 

|plt:(plA»oTfTfcnSfc«)> ffi«»$©S9{Btt, Sfcft 
ffi8£l&fc***-**#|ql«;»©IH»ffi KiPp^SA 5 ^ D 
bfcff«tt!tbV^. Sfc, -f^Vffta*©*^!** 
x*;i/^-©-f*>A«*||liiA»5)#X*nSfctf)s 

^^T-fe^o *3t^»»*Xftffftr>fc«l«T?©iaK© 
fiTtf*a««»«aE©*illOB:l/--!f©U*l^«[fWS'^IB 

i&mss ft m a $ -a- -s sp© bih ^ ft ^> fc . 
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[ooii] -is, mm®m¥3 - ions 

Ott, *©-»iiUTJIM-r*»iS©tt«fHlliSittJilT 

© 5 -eft s . -ttc*ft**©«i Att^' u - 

(£, Qa-O, JfeAs-Of©«S^*OS 
j«ft«ilW1-3»*tt*<* £©&"£, WIBttSWWjSL 
T^*J«tt9<«Jft©*^*iB©JE^S>tt* 1 * 1/ 
-AfcIB«©i:* 5 > &Pfl Ufc*©»-C^«ttftiJi*« 

S. LfrU cntt^4>T©-ttto§SBIS:H*LT, 
sgi i*u-A;r>&&i 4^i/-ACwa< - afnTV'»s k 

BfiKU ft^ft5*3nsLD ©#«#»£ LTtt» 
[0 0 12] *fc, ;^')»i"<-i/3>IfcLtia^*i 

3>»»©lS»*HH«:*n*. ±IB, L.W. In et 

al. , (In-vacuui cleaving and coating of semi 
conductor laser facets using silicon and a 
dielectric. J. Appl. Phys. 80 (11) 1 DEC. 1996)T* 
HU S i/A10xii4U- trWHfca-^-f y^-f 

[0 0.13] ££$3, iMfftu— if©*a«rtBlB-t?©tt 

*aflEftTtr«&»c, jafis^rfiicffftrs^ffi*© 

Jg©$##«@a^£:-&bft^J:-5fc, Si^-r 
-f >^mfc*^fc©^®C l/4**«#A:T*a«l5 
C*^Ttt> -«©**frl/— if#*SUF*l-CH*»* 
iff, WCl*U«jLD#a*ftT^«4 0 0- 1 6 0 On 
mtc&^TfcJu S i*©t»©4«*©»JR*i: bTtfUB b 

tussfc©, jgaT-©tas±^4 j 7 : yu^©^b**n 

[0 0 14] *»«tt, **5BMI*P*"r«&ftt* 

£*fcft&t>©-C\ ^©i«)tt> *jgftu-if#©^3l 
ft^^^?4S® T- ©^® ®S ftfflHIBfclfcfc-oTSe 
j£fc»fWU b*t>, ^rSftft/f©LDSKiW©i£ISc# 
8 d o fcPBC 6 £j£fc»fFr ***t*l/ — tf ftSMftf 
5, «flte»S*i*©*31"T?* iK ctili, ffcfc-fcs 



[0 0 15] 

HMfcJBft-i-* &»©*«] *»H*&tt, ±ffi©R 

*NWM6#*?©»a3Efifefc*v*"t, *«±cfbi§ru* 

4^ft«&£AJ3£LfefU 9fflC£l)ftS8«lfllBft 

r£&fb/f ft J&fiW 5 « Jlj? ft fe*MKM8&* 

s*»tb©<-i^;i/-t'iitB;*j> SiWlrftHLfc-rftcifc* ' 

[ooi6] IP*. *iei©si»> a«±c, sg-ag 

trfh^«*»(*Ji#^j«*nTJfc5, »ffis^iiift*-r 
s*#ft*jfe*?©»ii35ri£c*v<>T, is«±fcfti£« 

4MI9ffcJlftK&i£ AAft §§HK £ & £rfg§§i£® 

jift^jars^fct^fcriiMwwsjfcjR^oaBa* 

[0 0 17] 

7^h*Jlfti»JlU »lRl-r6-o©i»lHC«ko"trtlB» 
«Bfift»J« bTft *fls-&«i|MW*:»3fe* ; 3 l ©«3t*t6"« 

iiajifcSKffi+Ty^tsttfljiftjigja-rftcfcftWrafci - 
©flijattiB^siift^tf . wTcufltwaa^ifi© 1 

0"J h LT , JB^«%Rfift# U ^-«mM^ 7 v K 

■#»-©-enfc*-©*ft©-Jis:«TMu ^-^m 

SSB^^v KJ14:««^Dy^Jii:tf«aK£AfiBl«ft 

MU ^e.fcm«Bi:©^(l4igtri;ftTlf5fcto©=J>^ 
^ bJBft4,o*Ji©J|MIWtu-lfftff«U**ilBftaW 

[0 0 18] ^©iafcu— tf©S*6*)xt!^^'>-v;i/ 
filjgCSiffitife^^aiga&C^Si^S- 1 3 0 3 4 4 
^fi*CIB«©l/-1f* s fflll/, C©»fflU— !ftt*a 
fltfcfflV>6n*3fc7r-f^-ltHI*ffl©jt*N *^ tS 

«wraw§©*»i»*«»/ ^ u -© tr 9 t v ?%mz. 

LZm^Zft, rSftJf. Sfc^TyKJiflF©!**, * 
3t*m«J«*©ilv^K:J:-3T» S&caMrftffla'v©* 
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[0 0 1 9] E2tt, *«W©JMW*;u— tffc*Jt*x 
M 9 * *y +- ;HH»©-« £ b T ^gJ u - 

tft«j*ufc«taw-w-e*5. «R (i) tb-cfctm 

tT-SM^OjMA 1 ^ I nPs GaAs, GaN, InGa 
As, Al203«OJMSii»IRtf«ffl*n«. A1 2 0 3 

©«c^fcj:oTttB«M^*ttj§wra«. # 

»WC*IK*ii5J5JB4:U"CttInP*R» GaAsS 
vmtLTAs, PSPft«trIII-V**3IKM83fc 

tAs £^tr*§-&£fcfcgfcSP3§icfc£G a AsS«i s tffl 

[0 0 2 01 Sfe, Al20 3 #©SiSf*S&fcJ:III-Vi£ 

«B"Tftta<, xK**^-WUJ*fi©IS©|SilttftlS± 

cF-&5^^*5>n ^t>^>i^y^WL (miss oriented su 
bstrate) ©{gfflfc qJtBTf**. unii^r'y7'7n- 

tefeft-ti^s. ^-7««{io. 5ft*&2i&i§jK©tii& 

S$m*CJ;i>tttl OSfl&Ofi&frSiihfcfc 
[0 0 2 1] ££<±MBE&«V^MOCVD«©@i& 

f$.m.&®*mm ut, «3fc*?©f£ 5 &*©*«£ b 

y?7l (2) B\ aS«y5;i/^|g||fiD3F^tt*««i 

77I (2) ®s (1) £H-©fls'&*nj*fiiJ"r* 

©##$b<, S^i s GaAsCD^{i5i^ GaAs 
Z>Z£t>&< frtoilT* U , H-ffl<b£*rT?J&JE*3 iifc 

[0022] m-mnm? 7^10) tt-js^ttt 
♦m-curitefu ws©aii«ft*&ai-r*&©fc*Mt 

£ft.5St& (1) , (2) , tS&Jf (4) I? 

fci&astmjWftjtsn*. (1) t^x 

GaAs#ffifl!3*u nvy-rm (2) <&GaAs©PS 
CttAlOaAsSWft, InGaAsSW, A 1 G 
alnPm I nGaP^«4^#m^ft&. * 

[0 0 2 3] *^©^j*litS14Ji (4) ©««£« *f 
#4> £-fagSSt^ 



fcUTtt, Zn, C„ Be, Mg3?8E*tl©fccD&Sfai: 

efi^/XliC, **>SF$L<ttBe-C*S. — IftWlc 
^iftC/tyh'Jffi'T'lt #l£fc£Heterostructure L 
asers (H. C. Casey, Jr. M. B. PanishU Acadeiic Pres 
s 1 978 P. 157)CE*©i:*lK 
Ktti;*n#/h$<.a:*«|RlC»«. m*.&, GaAs 
©»&Ctt, *«)^>^+»rtEg (eV), PM 
cD#t'J7lK*P (cm"3) tbT 
Eg=l. 4 2 4-1. 6xlO _8 xpl/3 

•e**c:j:#^*ntv^*. *«w© i "3©wat(t^tg 

&fbJl (14) fcLTix— !ftfBfc»«flsJMBfc:»A3 
n*«K^ «in©i/— tfK»*, *c*ma»ff'*fc 

MStSSClfc^ nfflffl**ll*i: LTJSttJl (4) * 

«x SV^^.n«^^b® (14) #LDi8Sjfc& 
fc, *J«*-*-«©^*3^R3n-CV*<«4fr©^:/K 

[0024] *fc, *ma^©«iSi*»6H:. ts^e 

(4) H:In;RtF/XttGa*«r», iD^U<li 
In*£*rJR, b< til n£tfG a fe^to*** 

D-er^ttHJR-Cfc-aTN ^SttflSJi (14) ilbTU 
— IfiSffifc^S^^Bt^A^nstlK^ KJ8©U 
-1fffiij*£±!E©#£aSirf JgBffi^Cftl^ 

S©*«JK*«H«fcWfBbT^<cfci:fc*. 
[0 0 2 5] £ni&ttj£:ft»&, tSftS (4) ©$f&i:b 
Ttt, A&fttfci, A10aAs*tt*k InGaAs 
mtft, InGaPSW, AlGa InP*#*Wf, 
$X-t>, InxGai- x As (0 <x< 1 ) Xfct (A 1 x 
Oai- x ) ylni-yP (0<x, y<l) 

^jsiftiici-aTassn*©* 1 **^**. 

[0 0 2 6] rS14Jl©«-^3i^t: <fc 6 > fti£*l*NK«6 
^^©^S^ftA (nm) iJSJflfeSSni^ 
S^SftA. (nm) tt> S i®JRi|IIJ: 
AJff^b^o Sfe, tS^S (4) tt*JSi:L-C» *-© 

p (SQW) mm. -«fi?#F (DQW) £K 
(MQW) *Ji<SF©*^#P«it#B«K:«t-C$R 

£Kfc:i&&-C* : ?#Ff©fl«©&«>CHi 
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wc*{bs*fc«jfi (GRiN-scH«ji) m*nm 

1-5di:4sffl*5 0 KI<D*mtbtttAlQa 
As^m InGaAsIM^ InGaP^A 
1 Ga I nP**WW, SttJiK*to*«R#qri6-e» 

So 

coo2 7] *fc, KJittiswaa***«[*^to* 

[0 0 2 8] (14) ©gftftttfti: 

■Y**#fiS**J*"f*Iifc&* (110)®, $fc® 
IfSSTftfiiWIi:** (10 0) Mi>e>©i£lS[T- 

tSSS (4) ©»»kU-Cff«fc*Jffl**i4AlGaA 
sJMflBk InGaAsMfi, InGaPI, A 1 G 

coo2 9] *-*7»ki (5) , 

(8) fc£fg-#mM^ y KB (3) Pl«, -flattfcfi 

*s&B (4) ©¥J9WfflW*±D'j*3fcffl*f***rra 

MfitM^n, fitS (1) , Ay77i (2) , 

a (4) mvL^msMPtWSA^ti^. mnmm 

(1) fcLTGaAs*«ttJB*il* ^»77i (2) & 
GaAs©P££ttAlGaAs3M>f#4, InGaAs^ 
»I4, AlOalnPJMffl, InGaPfW^ 

[0 0 3 0] EI 2 Cfcfc, rMR©n» ^>^Pfi±B 

(6) , (7) aiF*+ y^Ji d o) tfia«*nrv^ 

©c#«rcfc«. Sg-xy-^^piitB (6) 

fcf, Al a Gai- a As (0Sa^l)#ftCTirt$n 

*»S:K:tts a^ttGaAsisffjacffiffl^nso 

ttMOCVD»«Tf*^**IliB-*7*l<Ji (8) * 
£, AlGaAs$7?¥gj£JUF«£H(iaieii&£ 

ItB (6) ©JPStt»ff2nmlilLbW?*U , ». 
[0 0 3 1] %-=-v*y>m&M (7) fcfc, InbG 
ai-b P (Ogbgl) -C&StlsmifilRtLHIbbs * 
»ra©J:-5R:GaAst»Ri:l/Tttffll/fcH{tt, 
M&©£t^T-b = 0. 5#ffl^e>*iS 0 xy^-> 
^PI±J1 (7) CDJS*tta*5nmU±T?»D, ffil 
<ttl 0nmJSl±tf»*. 5nm*8S-e»Sfc, SUP© 

ffl^S;:*:*-?** b = 0, b= l^fcffl^Sdh&Rl 
[0 0 3 2] **vzrm (1 0) fct, «llelSjft5££ 



H«fC»iHI«ffl*^5y FJi (8) ©jSJt&g&K: 

ws^d^i (9) tbTii, 

£©T-, *©**ffili*-W*S* 5 * KJi (3) J: HI 

fck*ttAlGaAs3R-e*«^Dy^JB (9) 
"TSa^-efthtt, AlyGai-,As (0<ySD *» 
6ftS*dWSi=^7v KB (8) J:DJH«f*#/h 

sv^i:a«&*u*. mt^B^i o) 

#Al,Oai-,A8 (Olz^l) Lfctfo 

[0 0 3 3] f-^ilir!? 7 * KB ( 8 ) ©ffl#r^ 
fcfc, 3ifiT, rSt£B (4) ©JB«f*WTi:*n*. X, % 
-«iSI^7>^'t (8) ttaiMI-r-*«Si^5«y 
KB (3) MI-#iiS-^7^'l (5) fcRI— 

S-^I^-^7-yKI (5) , SS-#11Sg§- 
(8) jtlMltt^Dy^JI (9) <D±T&ffl 

-M&<Dm~$iHm-cmj8.irzz£ifimv*>nz 0 ^© 
n-^vr>#m±m (7) cj^TSBMUff* 
mmmzn. $£, **v7m (io) &%±cfcfci& 

£U*^»£K:*^Ttt, sS-x^>^B (7) CAD 

do) c*oT**0ftiB*r*BjWBj« 

Sft*. £©«*»*(»*»* it*:**), 3§-3?HM 
*-*5vl«Ji (8) StfMifiT'n <y *B (9) ©<ft 

[0 0 3 4] S-3|«SSg-* 7 s> KB ( 8 ) ±\z&m 
S(12) fc©«ftHS^fcTfcr*fc«>«©Ifl<n?3> 
KB (1 1) *»«■*©##* U^. KB 
(1 l) tt, »#, GaAsWKlteW, £© 

•tt»tttta£©sftd&ft*«ffi < -r*fe*>fc*+ u t 
;<»77i (2) ©j?^{±o. i ~3 Aim, m-m 

IS?7yKl (3) ©J¥£fcfc0. 5~3/im, rSftB 
(4) ©JP£ttM^#F*g3i©i§-&lB^;fc!> 0. 0 0 
0 5~0. 0 2/zm, 7 y KB (5) 

©JP£{4 0. 0 5~0. 3tfm^#tIBr^ 7 yKl 
(8) ©JP^liO. 5~3>t4m, (10) © 

Jf£fcfc0. 0 0 5~0. 5x4111, SSftT'Dy^B (9) 
©jp^JiO. 3~2/zm©^HA»?,illR$n5o 

[0035] m 2 fc^-*-*******?!*, $e>ts@ 
(12), (13) *»j«Lr*^fts. «a (i 

2) Ji, pIOS^ (1 1) SiSfciffl*. 

KTi/Pt/AuSI«CiiOfe«, ZD^jfflSI- 
SuktiotfM^JlS. «S (1 3) (4, fi 

« (1) ©*M£ffM£tU nS«fis©ii^, m«A 
uGe/Ni/Au^lfttifLfct, 7VJ®M? 
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coo3 6] z<D±?KiLxtiM2ntc*m#.'y^- 

T-tt'iM* b t>-m&)K- V*-a T fiS$iftX£*T-©f?gBXjI 
ftefcgfcb&^. *E©;fcft't , **V>ttS*#H£l*"e 

©smc£vvtfc> «Brc©#»#BfS'&+»&kfc*w 

IB»-*«S* 5 v K JB (3) , SftJl (4) ; 
tS^*?! (5) > (8) , ??»{ctt4g®tSdi? 
tlZmfr (1) , W9L7vy#M (9) , 3>**bJf 

(11) «©m«»*-C*5*7C«©*T?H 
— £fllfcttfM"*7GJR©rt©> iI>fc<i:t>tti:^fflRfb 

CD ft WTO«HIC J: o r »*r * £ a* wtg^ * 

[0 0 3 7] C©£to©ftffi#Si§B^©X7XvHBitT' 

Arr/^X^CJIsa*:**;!^— ft 2 5eVA>e>300e 
Vfi*. J:D»* b<«2 5 e V*»6 1 0 0 eV©{£o: 

cn5>inba, a{h«*©Rsa«*a«irf6"ea*o -© 

£ Jttt bt t (5 v * ;i/ ©JOST- ft 3 fc #>> 
J»H^®^-^*Aft**il.&JI5-e^'D-fe^ffi**ja 

«jSnftt»CAs-0O»*tHd»*WTJ*«. £&G 

[0 0 3 8]**, fiifi&7tffl©'J>fc <£<bT> fc^fci±# 
Rfc«©«»-*tt#£Lfc^*£5*ft#ff'J"3#8cJ: 
b-Ctt, #J;U£XP S (X-ray Photo-electron Spectr 
oscopy XHtofe«?#3fei£)JM&S. <lft(£&7c3lt©-fb 
?«-&tt«ft»4±T?**K:*at4*«-e»o-C, 100 
Ai'mxlOO^mgflE©^**CttofcX-l»ft» U— !f 

*-r*ifc"cu--!miaft*j*-r*#7£*©fli*«ie6 

tt«ft«B-C*4. C©B#fc, 3t«iF«aJS©-9->r;U 

*ft»4Ck*tF»CfT-5c:fc#lH**. -US© 
I/— tf{i'^©3it)Sim> *av^ttBtt#:J:*«»(*ffl 

XPS«£©1iraWl*©:£yf->^iiftfl3V>"t* ^ffC 

Jl£©tf1Hre&3. 2 nmilJS©&VO-7 1 ><' 

[0 0 3 9] $f>tuCDlx^^-CDAr75XvO 



812: bT, »^#pftffMU ttC*©*rt*JiW*A 1 G 
aAs^M InGaAsfm InGaPM 
*k AlGaInP^*W©Blfctt, ISi!j*©^7£ft 
fbJI (14) ©JSm, #J;li£S i©ffi£cT*ttfc<, l/- 

iffflff»xa«t>cillii3E«ft«f«fl^h-c*, froiffifiin; 

flSbTV^*HBliftffDift4»ift#»4. dJittlz-if 
^SJ«JW-e©4S®i£6l©^>l>*^^yX©li^i:, 48® 
iE#©*Si(Wk f &fc**Iire©ifeRJK©»fWfcs tt 

[0040] ±13x7x^1^ LDf^»xg±-ej« 

Bm-fi.aSt.Sl3, ^tSffifbJI (14) ASLDfgft* 
ici£f[b*Ase>> *6C, 4SHj£#©^> K¥*yXft 
j£tfTV*<*HRfcfflSo"t, Kai*, «#*©*?*£ 

*©-*?**. *»iB*actt, as«wb^ 

Wisher 7 XTjBWftWatfc-i-s* 5 , <t»3Pb<(i, 
RJfiSlBfciSttU i«ISMt5i-^S^7yK 
1, fittl»tf»r^7y l«JiCHt:J>fc<fc*X7Xv 
ftHRJfracifcjWfSb^ a^Jis fl&©Jf 

s^stcx^xvft^-rso sfcr^xvjHwe, 1 

0-3lorrWTSft, »* b < tfc 1 0" 4 TorrWT, 
Sb<ttl 0-5TorrWTe«©KS*"Cff-5. 

[0041] i%m(DB&uzi±iim\z&mmifimm2ix 

So £fttt*raMS#ffl©l/— tf©*&Ci£<ffl^6n* 

Hfyfei/-if©*K:«a»i s te«j«ftaaT?f^»* 

[0 0 4 2] *HCj;oT^*ftSi*Iitttt«"r** 

S± (1 0 0) (nominally ( 1 0 0 ) ) fcfcffi^ttlc 

bi*lB»JfcfflV— If*©*? 
ft»J«"r*l»t:tt» ( 1 1 0 ) * b < &z.tiii1&5t&$l 
CSSFUBftffltfJHESftJ&Jft-raiBi:*** 1 ; miiE©^7 
Stg(miss oriented substrate) ft^ffl btP^^S, J f 
©«»**fc*iaktt*B»3&l6n©H«fcJ:t>ttt«liii4 t 

(10 0)SffiA>6> (1-1 0) SfiiCtrH-C^ltft 
2° «B-3tfflRftfiMibfcIBK:tt*lB*»2flE«<*fc* 

[0 0 4 3] *^(c43^-Cs ^R£t£fl:Jf fls-&* 

*tiaBR*©7E*fc©<b^fiiSftiB±"r*Ji-e»*. ^ 
sttfluitt, < **BftjBri£-r ** i issi' ^ 

[0 0 4 4] *#8Mt*^ttt, ^FtSSfblltt, 
H£*T?75Xvi*««ft, 3I»M«X^ EP^> 10 
-3TorrWTfiJt©JI3S+, »*b<ttl 0-«TorrWTS 
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A. L<fil 0-'TorrfilTSflE©WHffl*-CiB 

fj££ft5. ^S^bJlOtif^hb-Cfi, Si, Ge, 
S> SelT^lfe.nSAS, >t»T:t>Si£^tr;rt#a? 
JK, 5 0 %W±© S i £^tS14{blf fc^trd 
#$?*bV^ 

[0 0 4 5] ¥a£tti£ffifc:^rSft{bJl ( 1 4 ) i: LXtt 

fc3fc©#g$b<> W3ICttl!ii6oi:*t)Si#*Jffl 
Sitt*©»«fc,fcT3T*seu 

^fiWRi/- H , ?jgja*nfe7 , «;u7 s i imm 

f5 2/zmW±©a*CttLTttSMI!T«;&?K 

0 . 2 (ni) <T p (nm) 
(&«U 5$ (I) A.tt*i(K*«3t*?©»attft 

) "Cfc<6£i:fettBb-C^5. {EbO. 2n 
mttT©JSU*©^fcfc»*ttflHSSft-C^<B. 
[0 0 4 7] «WbfciNMttiiiii±c*fi8*n 
S^Sttftdi (14) ©±C, 8UI3ftfeatttftXt£S 
«#:&lf *IM*:©li-&**» (1 

5) (i 6) ft*-r*cfc*««5T**4. »ca*u< 

tti*1B^©'f*>Si«t, ^rStt-fbJi (14) ©«*, ^ 
Lta-r-f (1 5) (1 6) ©JBrittHtifcL-C 

usa^-cffd. 3titt±ca*#*u- y*e.©*©Bi 

D«L»**±fef4fc»©BWi:, £ ^fcSS&ffiO&M 
Sfr3 2o©gWT*fTt)flS. HitB^^ff 

^fetfUBIiflcJIiU «*«1iUc#bTtt*v^fi«*©*n 

[0 0 4 8] *3-^-f >^Ctt**?**tf»ftfflVV 
2>dfc#ai*x AlOj, TiO x , SiO x > SiN, 
S iAWZnS4»&ftS»*»6atfn* l»Xtt2«jy. 
±©«[^*4ifc#if*UV^4*, ffiKWn-^-ry^fc 
Lt{±AlO x > TiOj, SiO x ##> Sfc^Sl^n 
-r^>^LTttA10,/S i©^JMU TiO x / 

sio x ©£JMMwane>ns. ^en^n©isi¥ttm 

S©fi»***Sfifc»K:iW£ftS. bi»U -fig 
ttfcfci:<g££t=i-^ ><7i:bTfci:A:L0 x , TiO x , 
S i Ox<SE*«*ffl*ftXTf©JH»*©39RfB«"ft ni; b 
■tA./4njE»©BUIiC*4J:dfc:*»*ns©tf-tt 

[0 0 4 9] (15) (16) ©sac 

:}3l^"CO:t^to*8>'S IAD (Ion Assisted Depositio 

n) vnfittfrntzm^zix*. ztuz^-rj >^*m© 



Hl/tHU S i©B#r^NH:N = n+ikfc£!)nfcJ:E 
#r*©SSSffl4K kttflWMRft-CfclK ntt^3. 5t? 

[0 0 4 6] -figtt£TtS£fbJf (14) ©Ji&T 
p (nm) 1*0. 2 (nm) <fc >) j?V^ b^« 

^fS^bl (14) ©fl*UMS* 

cj:-3T»iR*ft*S6JRfc©^7>^-e»ae*n*. t 

£fc>^®#±®^T£teftirc-3fcftSg#fc> Si© 
»JRCJ:4*IIIH©«ie±#©WllI©»*4 t S iftttlfC 

v^ttHtt*JMI* 6 ©SUMS** 

A/8n (nm) (I) 

It-fa 35f arc fcoT, ♦tt##^CJ:*'f*>JH»4»» 
itT'&So *6K:H:ftif^©Jfc*»TJ*Ar'f*>C±4 
I ADttitui33--7^ >^*m©*Miti±s:**fc»* 
^Ft A r t>cDBait(Dtl^fta, 2 5 e 
Vi>?,3 0 0 eVm «fc5»*b<tt5 0eVA»£>2 

0 6eVgflE©fix*;i^HfiHTJ8V>5*"Cft?K d 
ftCiot, *flK*a»iS^©^y-s;ft*it"rK:3-? 
-f >^*«Rliet?»4. Sfc, 10-3TorrftlT, 
b<fc£l 0-4TorrJ2TF> **»$U<H:1 0 _ 5lorrttT 
SJS©S^4 , t?^-3©A s <tV'»o 

[0 0 5 0] 

imam'] WT» #»W*S9lS«fcJ;D5^BIBfcttW 
t«ft **Wtt, *©fiefciH*.a:VMfit>* JJJLT©* 

^as^sn* <&©-<:- fctftv>. 
(*ss^i i)H2 c^-r ^vu-r/s© V— tr*? 
©»?>«36l&. 

[0 0 5 1] x 1 Ol8 C m-3©nSGa 

AsS% (1) © (100) ffi±fc, MBE&jtT, J* 
V7 7M (2) fcbT l/im©JP<*©*-\' , J7 , ?Igl x 
10 I8 cm-5®nSGaAsI, i-Stli'T-vKI 

(3) fcl/tl. 5^mOS*O*+U7tWlxl0 
18 c m"'®nIA 1 0. 35 G a 0. 55 A s JI, 2 
4 nm©T> h*— 7*©Ga Asife^W PJf±CJi£6n 
m©7'>K— yino. 2Gao. 8As©#-ft?#F (S 
QWK ££>K-£©±K:J¥£ 2 4nmCD?>K-7Ga 
Asfttf-f KJ1 (4) , i§-3imS!g- 

(5) hbT^^O. Um, *+U7«« 

1 x 1 0 18 cm- 3 ©p§!Alo.35Gao.65AsJi, %1 
x.yf->#m±M (6) fcUISlOnm, ^-V'JT 
iIlxl0 15 cm-3cDp§iGaAsI« ^Us/f> 
^Pfl±Ji (7) tb-OP^Onm, ^vU7aS5x 
1 0 i! cm-3©nII no.49 Gao. i\PM. ^^^n 
vtm (9) £LXm$0. ^^'JTiUg5 x 
1 0"cm" 3 ©nSAl|), 3gGao.6lAsa% ^t-y/ 



0) 



Jl (10) t LTJ5£ 1 0 nm, 'J Z®Jg 1 x 1 0 
18 C m-3cDnSGaAsjl, ftJSK«Jf bfc„ 

coo5 2] s±jiomssaA^a5^si^<a5 

5>"J:3>v;^©llngfl©tI{± 1 . 5«mi:lfe, f 1 
xy^>^PIltJf ftxy^>^:* h y7mt. bTxy?- 
>^ftf?v\ ^SiEaA«^^o^-fryrJi (10) i: 
mM^wtm (9) ftfifc*b&o ccDBtffl^fciy^ 
+ >Hi, 8KS (9 8wt%) , jIUftizkm (3 0wt 
%*&&) &tf*fttt«]£-e 1 : 1 : 5X-m^htzi)(D 
ftfflV\ 2 5°C7?3 0S>HfT«:^>ifco 
[0 0 5 3] ^t-HF (4 9%) tNH4F (4 0 
%) ftl : 6t-I^lfeiyf>^tt: 2 #3 0#H§ 

©fgixy^vmitJlftxy-^viH&Sbfc. zam 

ffl^fcxy^vKfci, ISS(3 5wt%) hzl<ft2 : 
lCiS^-Lfc^CDT-fctK iaStt2 5°C, B#Hfc£2£-H 

tbfco 

[0 0 5 4] Z<D'&, MOCVDi££Tfg^SS!l- 
h*Jf (8) tbX^r^VTmmi x 1 O^cm-S 
CDpSAlo.35Gao.65AsS*a«)3i^a5^- («$!£ 
A^tgPflO trl. 5ximCDj??K:«t5 ^ajsSS^-B-, 
g&C@ffifc©&#fc&Ji!iift^fc«>©3>*i7 b/f 

(11) tbt, Jl£7;um, **U7&|£1 x 1 019 

StCfcttSlifciU 2. 2;UmT&T?fc. 
[0 0 5 5] C©£x^-C»LTlS8MHCttn-SMt 
J@i ( 1 3) fcbTAuGeNi/Auft, S&pHWt 
$ (12) CiiTi/Pt/Au^IfSt4 0 0'C-C* 
7'aW , ft57}fafTV^:iiM-ftfS$£it-fc <1 * 
%*X\ *ISH*7 0 0^m©l/— tfM-Cft^iCfSH 
bt (110) liftttHS** Ar^5X7j6fiftK 
^I^ftV^-C^iPtl/- »JVt— ft^ftfco 3X 
1 O-STorr©*^^?, ?J5i^M-6 0eV, 
ftgl 5 0/iA/cm 2 OAr77X7§ l^flWIS 
(SMS) CHItbfco SMbts 2x 1 0- 7 Torr©H 
Tf»*©«? K- A * ffl V ^ X T * 7 y * S 
i&2nmJS®t««^-H-rS i^TS&fbJf (14) ft 
JfS/£bfc. S&C»M<jK:A10x«*$Sfi»S9 8 0 
nmC*^Twi*iI©£IMs#2. 5%£fc££-3tcl 
6 5nm£KU >^Jf (15) ftffMbfco 

Al 0 x »itlSfctt4 x 1 0-5Torr©K^cfT-I ADiS 
CiD, 5pjgx^;i/^- 1 2 0 e V, mSt^Jg2 0 0/z 
A/cm J ©Ar77X7gA10 X ©SSH^©««& t Wi 

[0 0 5 6] 9 8 0 nmX (DT "EJ^y 7^SiO 

B*r*tt, 3. ix&zzt&mmL 



[0 0 5 7] 3&fc««1B«©j^*fT-3&©C» -S 

C^l^-C *fiuig®0!l £± < H«R£ bT A r 7*7 X?ilt 
S i^FrSttfbll (14) ©J&*ftffvv $&(CXM 
bt> A 1 O x Mft 17 0 nm/7^;i/7 7XSi46 

0 nm/A 1 O x &ft 17 0 nm/7t;i/7r^ Sift 
6 0 nmh!iiLfc4i©3-r'f >^J1 (16) ftffJ 
J&U &l*^9 2%©&^®ft#Sgbfc. AlO 
x&©SUgfcfc, ffiWeHfl£[q«©IAD&lCJ:!K 7t 
;i/7 7XS i©Stttt, fluiSSffl!li:|5l^©«?t-A^ 

»isc * 5ff»o&i©i/— yyt-© i -y-^^i/ftjg® 

#Wffli:b-tXPSSiJ£ftfTfc^fc. £©»£#«■?© 
i:D«bA*tt7 5Kkb*«f*i/— !fi»SI©tt»ft« 

sobfeo c©tSjKMr*sic-fl[*&*nTu*-3fco 

aAs (110)It#St5Ga-Os As-Oti 

[0 0 5 8] Sfc, £©U— if^-fre> 7 >«fffll7->7 , ;i/ 
fcb-tl^W^ftl&SffiU BuJS®©AlO x Si:S 

1 Ji ft 7 yaiR©a: >v * > h "CBl *) MMo fclfc*£d*f 

©l»«fflffi«©/*>K**y7fcfflJfcbfc. 
^-HUfe^JttiStt-if >r;u«HiE« («*^*f»* 1 . 
5nm^Jg) ©<fr©ti$aftf#£#lff&T-2t>Sfcia, MJU 
^*«©«ttfitt:IMi*ii* Ct%< \s—9*m<D'i> 
K^^yrftaSrs^ft^attfftS. lOOnmtf 
g&C&o f;1 00 0e V©^mft U— If ig®©tS& 
«ttj£CB3!>fU «BI»bJB©*TJ*ilK**©ti©©i|i} 
1 nm©«*©lia*»6ia#rUfcaife«?©ai* 

;u^-ft^wbfeh^5s ^>h-raa^{^HT5a^ 

K-^*>6h I nGaAsS^-#PSiS®i£^©^>h* 
#+y71fil. 5eV % Ga A STfe^'f h*SiSB®ffi^© 
^VK^V*^*«1. 6 5 eVtmfeZtltzo y-*Vfr 
? ^ v -fe >XigiP e>^«)fcSScD I n G a A s 1?# 
FTSffil©fi^iPffira©x*;i^-¥* -yXfil. 2 9 
eV-efed, GaAsCDnv^+yXlil. 4 1eV 
-e**Cfc*»6, Ar7"5X^^|fCctoT:Jg®3E^© 
^>K^-V^^l£4Sb, iffiffitt&S&*C*fb-tigB.J§ 
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;i^-»5fc##8cK: ibISLfelnGaAs #F 
SteJf4£®©^>K¥-\'yXB:l . 2 8eVi:, 7*1- 
* y-fe >XTM£bfc'tju*$flJ«©ttfcttKRI bT* 
fe^.fe 0 **l8ft©ttXttH8C;j*1-2:«l>* 1 
0 0 h r s Igl 5 r^W 7 t^ttf^JE L 

fee 

[0 0 6 9] Sfc, fUBHSS^Jl fc±<|p]«CXPS^ 
W&lFTEMtt(ESfiV\ iJg®{CGa-04S#«-rSC: 
fc, XVaB®aE«©ISa©^»H:^;u^flBgi©iMgafc 

[0 0 7 0] 

?*1B-e©*iiiPffi«jftft«BlBlcbfc-3rS!*t:iqiiB 
b, bfrfc, TiSttflsJi (14) ©Jfi«4»jBC-3&IBfc: 

nm^iii-5^©T-st3, ***xji«ifijjsfti«Rr 



t#fcWI1-121876 



(ID 



[01] ^fswo^MWftjtjR^cjBittia-eft*. 

i® 2 1 *&wmmm i <D*m&.i'-y<D&m$&j3fat> 

m 3 ] *%mmfi&m i ©*n«*;ix— »f ©#*i» ( 2 

0 0mW-» 5 0°C) ©«*-££ S. 

[04] **W^W2©*»(*l/-1f«D**|j» (2 
OOmW-^ai*, 5 0*C) ©f£jrt-&5 0 

[05] #&BJ3ifc$£0!l 1 ©4^W*U-tr©*Att*k ( 2 
0 0mW-£ffi*K 5 0'C) ois-ets. 

[06] *ftWifc«W2©*»tt:l/--!f©**i» (2 

oomw-tHjj], 5o°o ©ie*-r-$>5o 
[01] 




[0 7] **WH«ffl3©*»»U-ir©#*i« (2 
0 0mW-» 5 0'C) ©^JUT-feSo 
[0 8] 4«Wittt«4©iMM*:u-1f©JlMr|j» (2 

OOmW-^UJ^ 5 0'C) ©ig^T-fe5o 
[«F9©81i»3 

l-.WBL 2:/W7rJB 3 :*-i«S^9f Hi 

4 : rStSS 5 : ir^lS^-^ 6 : % 

—^y3->irmi£M 7 : ^— ^y^v^RUtJl 

8 : %=.mmmm-z ? v ym 9 : nm?u * 

10 11 :3>^^M 12 :€i 

13:*S 14:^JSttfcJi 1 5 : 3-^-4 >^Jf 
1 6 : 3— 5=-w 



[0 2] 



< i a > 


< i i > 




C 6 > 












\ / 


1 (a] 



C7) i / f n) 



C5) 



< ft 3 



<2) 



C 1 > 



< 1 3 ) 



(12) 



t#l$¥11-121876 



[03] 



[04] 



500 




500 



1000 1500 
B$fB] (hrs) 



2500 




1000 1500 
B*ra (hrs) 



2500 



[0 5] 



[0 6] 



500 



400 



1300 
200 

8 



100 



500 



1000 1500 
mtto (hrs) 



500 



2000 25Q0 




1000 1500 
Sfffl (hrs) 



2500 



[0 7] 



[08] 



50O 




1000 1500 
(hrs) 



2500 




500 



1000 1500 
P$|BJ (hrs) 



2500 



